Abstract. Many geological factors affect coal mining and different geological conditions often correspond to different coal mining methods and different mining costs; therefore, it is of great significance to conduct quantitative and comprehensive evaluations of the mining geological conditions. In this study, we used the No. 72 coal seam in the Sunan mining area in the Anhui Province in China as an example. The study area was divided into 168 evaluation units and the coal seam thickness, the geological structure complexity, the gas content, and the geo temperature were chosen as evaluation parameters. The maximum difference normalization method was used to quantify and unify the parameter values. The evaluation factors were weighted and comprehensive evaluation indexes were obtained for each evaluation unit to achieve a quantitative and comprehensive evaluation. The evaluation results show that the mining geological conditions can be summarized as the following proportions in the different grades: 0% in Grade I, 18.5 in Grade II, 50% in Grade III, and 31.50% in Grade IV. The research methods used in this study provide a useful reference for the quantitative and comprehensive study of mining geological conditions in other coal seams and other mining areas.
Introduction
Many geological factors affect coal mining [1] [2] , and the mining of coal is closely related to the geological conditions and the different geological conditions often correspond to different mining methods [3] [4] and different mining costs [5] . China is a country rich in coal resources and coal has been the main source of energy in China for a long time. With the improvement in coal mining technology and the increasing focus on the safe production of coal, it is of great significance to strengthen the research on the geological conditions of coal mining [6] [7] . In this study, we used the No. 72 coal seam in the Sunan mining area in the Anhui Province in China as an example and conduct a quantitative and comprehensive evaluation of the mining geological conditions.
Geological Backgrounds
The Sunan mining area is located in southeast part of Suzhou City in the Anhui Province in China. The coal-bearing strata are Carboniferous and Permian formations, and the No. 72 coal seam is the main coal seam in the Sunan mining area [8] .
The overall tectonic structure of the Sunan mining area is synclinal ( Figure 1 ). From shallow to deep, the Sunan mining area consists of three parts [9] . In the shallow part, there exist the Taoyuan coal mine, Qinan coal mine, and Qidong coal mine. In the middle part, the coal resources have been prospected at the Qidong deep exploration area and at the Qinan deep exploration area. In the deep part, some ground-based geophysical studies and several exploration drillings have been conducted and this area is called the Sunan deep prediction area. Previous geological explorations, long-term mine production, and numerous scientific research studies have provided abundant information about the mining geological conditions, which provides a good foundation for this study.
Evaluation Methods

Division of Evaluation Units
In order to facilitate the study, the No. 72 coal seam in the study area was divided into 168 evaluation units, starting from left to right and top to bottom (Figure 2 ). 
Determination of Evaluation Parameters
Many geological factors affect coal mining and the selection of the evaluation parameters will directly affect the accuracy of the evaluation results. According to previous research results, four parameters were selected, including the coal seam thickness, geological structure complexity, gas content, and geo temperature.
The results of previous research studies have provided a good basis for the comprehensive evaluation conducted in our study, and the parameter values of all 168 evaluation units were obtained. Because the number of evaluation units is very large, Table 1 shows the evaluation parameters of only some of the units. 
Normalization of Evaluation Parameters
The maximum difference normalization method was used to quantify and unify the parameter values. First, the minimum value and the maximum value of all 168 evaluation units were determined and are shown in Table 2 . Second, the coal seam thickness is a positive parameter; the greater the coal seam thickness, the more favorable the area is for coal mining. The geological structure complexity is a reverse parameter; the greater the geological structure complexity, the more unfavorable the area is for coal mining. The geological structure complexity is usually divided into four levels; a complexity of 1 indicates a simple geological structure, a complexity of 2 represents a geological structure of medium complexity, a complexity of 3 indicates a complex geological structure, and a complexity of 4 indicates an extremely complex geological structure. The normalization value is 1 when the complexity is 1; the normalization value is 0.75 when the complexity is 2; the normalization value is 0.50 when the complexity is 3; the normalization value is 0.25 when the complexity is 4. The gas content is a reverse parameter; the greater the gas content, the more unfavorable the area is for coal mining. The geo temperature is also a reverse parameter; the greater the geo temperature, the more unfavorable the area is for coal mining.
Finally, after the standardization, the normalized values of the four parameters were obtained, as shown in Table 3 . 
Determination of Weights
The weights of the four evaluation parameters were determined by a grading method using experts and are shown in Table 4 . 
Evaluation Results
By using the normalized values of the evaluation parameters and their weights, the comprehensive evaluation indexes of each unit can be calculated, the results are shown in Table 5 and Figure 3 . 
Discussion
According to the 'Regulations on coal mine geological work', the geological types of the underground coal mining are divided into four types: simple, medium, complex, and extremely complex [10] . In this study, the grades of the mining geological conditions were divided by the standards shown in Table 6 . According to the grade division standard shown in Table 6 , the mining geological conditions were enumerated and the results are shown in Table 7 . Table 7 shows the proportion of the mining geological conditions of the No. 72 coal seam in the Sunan mining area for the different grades. Grade I comprises 0%, Grade II accounts for 18.5%, Grade III accounts for 50.0%, and Grade IV accounts for 31.50%; therefore, Grade III has the largest proportions, followed by Grades IV and II. As shown in Figure 4 , in general, the geological conditions of the underground coal mining worsen from shallow to deep. In the shallow area of the Sunan mining area, because of the shallow burial depth, the geo temperature is low and the gas content of the coal seam is low; as long as the coal seam thickness and structural conditions are suitable, the area is suitable for coal mining. In the deep area of the Sunan mining area, because of a deeper burial depth, the geo temperature is high and the gas content is large; in general, this area is not conducive to coal mining. The mining areas of the Qidong coal mine, Qinan coal mine, and Taoyuan coal mine are mainly concentrated in the shallow part of the Sunan mining area and the mining geological conditions correspond roughly to Grade II and Grade III. These results are in accordance with the general understanding of the Sunan mining area and are consistent with the actual coal mining practices [11] [12] .
Under the present mining technology conditions, the deep part of the Sunan mining area is not suitable for underground coal mining because of the high geo temperature and large gas content. In spite of this, the gas content is large in the deep part of the Sunan mining area, which shows that the coalbed methane resources are very rich; therefore, the development of the coalbed methane resources should be investigated. In recent years, the development of coalbed methane in the Sunan mining area has attracted increasing attention [13] .
The research methods used in this study can provide a useful reference for the quantitative and comprehensive study of mining geological conditions in other coal seams or in other mining areas. However, due to the differences of the mining geological conditions in other mining areas, the factors that affect the mining geological conditions and the degree of the factors are not always the same; therefore, the specific conditions of each mining area have to be taken into account.
Summary
1. Many geological factors affect the mining of coal and different geological conditions often correspond to different coal mining methods and different mining costs; therefore, it is of great significance to conduct quantitative and comprehensive evaluations of the mining geological conditions.
2. We used the No. 72 coal seam in the Sunan mining area as an example, divided the study area into 168 evaluation units and determined the coal seam thickness, the geological structure complexity, gas content, and geo temperature in each unit. The parameters were normalized and weighted and comprehensive evaluation indexes of the evaluation units were obtained for a quantitative and comprehensive evaluation of the mining geological conditions.
3. The evaluation results show that the mining geological conditions can be summarized as the following proportions in the different grades: 0% in Grade I, 18.5% in Grade II, 50.0% in Grade III, and 31.50% in Grade IV. Grade III has the largest proportion, followed by Grades IV and II.
4. The research methods used in this study can provide a useful reference for the quantitative and comprehensive study of mining geological conditions in other coal seams or in other mining areas. However, due to the differences of the mining geological conditions in other mining areas, the specific conditions of each mining area should be taken into account.
